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(54) UOUID CRYSTAL DISPLAY ELEMENT 
(57)Abstract: ' 

PURPOSE: To enable displaying which are substantially equal as a 
whole and are good in both of reflection type and transmission type, by 
changing the density in both colors of the liquid crystal layer groups on 
both sides of a translucent plate by changing the density and thickness 
of the respective liquid crystal layers. 

CONSTITUTION: A liquid crystal element is disposed with a milky glass 
plate 3 of 0.5mm thickness as a translucent plate 3 having both 
reflectivity transmittance provided with transparent electrodes 3', 3 at 
the intermediate of glass substrates 1, 2 having transparent electrodes 
V, 2' on the liquid crystal aides. Nematic liquid crystals 61, 82 having 
ponitive dielectric anisotropy dissolved with a black dichromatic dye of 
the same density are held between the respective substrates to about 
1qu so as to be oriented in parallel. Polarization plates 7, T are held 
oppositely in contact with the outside surfaces of the substrates 1, 2 
whereby the liquid crystal display element is constituted, A light source 
for illumination is put behind the element so that the element acts as a 
reflection type. The element acts as a transmission type in the daytime 
whan external light is strong. When the element is observed in the 
nighttime where there is no external light or in a room or in a twilight 

state, the density and contrast of the displayed color do not change and there is no deviation nor out of focus 
of the display in either case. 
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Japanese Laid-open Patent Publication No. 17530/1984 
(Tokukaisho 59-17530) (Published on January 28, 1984) 

1. TITLE OF INVENTION] 

LIQUID CRYSTAL DISPLAY ELEMENT 

2. WHAT IS CLAIMED IS: 

A liquid crystal display element, arranged so that a liquid 
crystal layer group is constituted by stacking a plurality of 
substrates, having transparent electrodes on their surfaces 
contacting liquid crystal with dichromatic dye dissolved therein, 
which are disposed opposite to each other so as to sequentially 
sandwich the liquid crystal, wherein one of the substrates which 
occupies a gap between the liquid crystal layers is a translucent 
plate, and another of the substrates is a transparent plate. 

3. DETAIL DESCRIPTION OF THE INVENTION 

[TECHNICAL FIELD OF THE INVENTION] 

The present invention relates to a liquid crystal display 

element used as both a reflection type and a transmission type in 

which a plurality of mixed-liquid-crystal layers with dichromatic dye 

dissolved therein are stacked. 

[BACKGROUND OF THE INVENTION AND CONVENTIONAL 

PROBLEMS] 

A liquid crystal display element is categorized into three 
types: (i) a reflection type which uses external light depending on a 
condition of illumination, (ii) a transmission type which illuminates 
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from a rear surface, and (iii) a so-called semi-transmission type, 
having both characteristics of the reflection type and the 
transmission type, in which a translucent plate is disposed. 
However, these conventional liquid crystal display elements have 
difficulty in realizing preferable display in both daytime and 
nighttime. 

Fig. 1 shows an example of a single-layered-guest-host-type 
liquid crystal display element having a transmission-type 
polarization plate. In this example, a mixed liquid crystal (6) with 
dichromatic dye dissolved therein is held between glass substrates 
(1) and (2) which are respectively provided with transparent 
electrodes [I) and (2") r and a polarization plate (7) is provided on an 
outside surface of the glass substrate (1), thereby realizing a liquid 
crystal display clement (10) which is a transmission type. In this 
case, there is no member for reflecting light, so that the liquid 
crystal display element (10) continuously emits light, indicated by 
an arrow, from its rear surface. Thus, it is possible to obtain 
preferable display in the nighttime, but when there exists external 
light, such as sunlight, which is stronger than the illumination on 
the rear surface, the display is hardly seen. Further, a two-layered 
liquid crystal display element of Fig. 2 is known as a 
reflection-type-guest-host liquid crystal display element. The 
reflection-type display element is arranged so that: liquid crystals 
(61) and (62) with dichromatic dye dissolved therein are held among 
three glass substrates (1), (2), and (4), and transparent electrodes 
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(11, (2 1 ), (2"), and (4*) arc provided on the substrates' surfaces which 
are in contact with the liquid crystal, and a reflection plate (8) is 
provided. The display element uses external light, so that the 
displayed image is hardly seen in the nighttime. When a translucent 
plate is disposed instead of the reflection plate (8) so as to 
illuminate as shown by an arrow of dotted line, this element 
functions as a reflection type in the daytime and functions as a 
transmission type in the nighttime, the displayed image can be seen 
all time. However, in the reflection type, light goes and returns as 
shown by a continuous line, but in the transmission type, the light 
passes through the liquid crystal layer only once. Therefore, in the 
reflection type, color density is high, and in the transmission type, 
the color density is low, so that the display quality is different 
between the nighttime and the daytime. For example, particularly in 
the transmission type in the nighttime, the contrast drops. Also in 
case where the translucent plate is provided on the liquid crystal 
display element (10) of Fig. 1, the display quality likewise varies in 
the nighttime, 

(OBJECT OF THE INVENTION] 

The object of present invention is to provide a highly 
practicable semi-transmission type liquid crystal display element 
improved so as not to change the display density and so as not to 
change the contrast regardless of whether it is used as the reflection 
type or as the transmission type. 
[SUMMARY OF THE INVENTION] 
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That is, the present invention is a liquid crystal display 
element which is arranged so that: a plurality of liquid crystal layers 
with dichromatic dye dissolved therein are stacked via substrates, 
and any one of the substrates which intervenes between the liquid 
crystal layers is a translucent substrate having reflectivity and 
transmissivity, and transparent electrodes are provided on its 
surface contacting the liquid crystal as in another substrate, 
thereby substantially equalizing color density of a reflection type to 
color density of a transmission type. 

The liquid crystal display element does not change the 
display density and docs not change the contrast regardless of 
whether it is used as the reflection type or as the transmission type. 
Thus, this display element can be regarded as a semi-transmission 
type liquid crystal display element which is more practicable and 
has higher display quality. 

Here, the description is given on the assumption that: a 
substrate between a first liquid crystal layer and a second liquid 
crystal layer is a translucent plate having the reflectivity and the 
transmissivity, and an illumination light source is disposed opposite 
to the translucent plate of one of the liquid crystal layers, for 
example, the second liquid crystal layer. In case of using the display 
element without turning on the illumination light source under 
strong external light, the external light passes through the first 
liquid crystal layer, and is absorbed by dye contained in the liquid 
crystal, and is weakened, and is reflected by the translucent plate, 
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and passes through the first liquid crystal layer again, and is 
further weakened, and is reflected. Further, in case of turning on 
the illumination light source without any external light, light 
weakened by the second liquid crystal layer passes through the 
second liquid crystal layer after passing through the translucent 
plate, so that the light is further weakened and is transmitted. Thus, 
by setting the dye density of the first and second liquid crystal 
layers and the reflectivity and the transmissivity of the translucent 
plate to appropriate values, it is possible to substantially equalize 
the color density and the contrast of the reflection type to the color 
density and the contrast of the transmission type, thereby 
improving the practicability and the display quality. 

For example, two liquid crystal display elements (10) shown 
in Fig. 1 are combined with each other via the translucent plate (9) 
as shown in Fig. 3. In this case, the first liquid crystal layer and the 
second liquid crystal layer are separated from each other by a 
distance corresponding to a thickness of two glass substrates and 
the translucent plate. Thus, when viewed on the basis of the 
reflection type or the transmission type, deviation occurs in the 
displayed image, and when viewed on the basis of the transmission 
type, the second liquid crystal layer is separated from the 
translucent plate, so that the displayed image seems obscure. 

In order to solve such problems, in the present invention, the 
translucent plate functions also as a substrate for holding both the 
first and second liquid crystal layers, so that a distance between the 
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first and second liquid crystal layers corresponds to a thickness of 
merely the translucent plate. As a result, merely by making the 
translucent plate thinner, it is possible to substantially prevent the 
deviation of the displayed image and it is possible to prevent the 
displayed image from being obscure, thereby further improving the 
display quality. 

[EXAMPLES OF THE INVENTION] 

The following description will explain examples of the 
present invention. 

In an example of an element shown in Fig. 4, a liquid crystal 
element is arranged so that: a milky glass plate (3) of 0.5mm 
thickness is disposed as a translucent plate (3), having both the 
reflectivity and the transmissivity, whose one surface has a 
transparent electrode (3 1 ) and other surface has a transparent 
electrode (3 W ), between glass substrates (1) and (2) having a 
transparent electrode {!') or (2 W ), and nematic liquid crystals (61) 
and (62) » having positive dielectric anisotropy, which contain black 
dichromatic dye of the same density dissolved therein, are held 
between the respective substrates to about 10u so as to be oriented 
in parallel. Further, polarization plates (7) and (71 are held 
oppositely in contact with the outside surfaces of the substrates (1) 
and (2), thereby constituting the liquid crystal display element. An 
illumination light source is disposed on a rear surface of the 
element so that the element acts as a reflection type in the daytime 
when external light is strong and acts as a transmission type in the 
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nighttime when there is no external light. When the clement is 
observed in the nighttime where there is no external light or in a 
room or in a twilight state, it is possible to substantially prevent the 
deviation of the displayed image and it is possible to prevent the 
displayed image from being obscure, thereby further improving the 
display quality. 

Fig, 5 shows another example of the element. A glass 
substrate (1) having a transparent electrode (1% a glass substrate 
(2) whose one surface has a transparent electrode (2*) and other 
surface ha9 a transparent electrode (2")» a translucent plate (3), 
made of milky glass of 0.5mm thickness, whose one surface has a 
transparent electrode (31 and other surface has a transparent 
electrode (3"), a glass substrate (4) whose one surface has a 
transparent electrode (4') and other surface has a transparent 
electrode (4 W ), and a glass substrate (5) having a transparent 
electrode (5*) are disposed in this order. Nematic liquid crystals (61), 
(62), (63), and (64), having dielectric anisotropy, which contain 
black dichromatic dye of the same density dissolved therein, are 
held among the respective substrates opposite to each other so that 
the nematic liquid crystals are in contact with the transparent 
electrodes. At this time, all the liquid crystals (61), (62), (63), and 
(64) are aligned in parallel to each other so that an alignment 
direction of the liquid crystals (61) and (62) is orthogonal to an 
alignment direction of the liquid crystals (63) and (64). 

When an illumination light source is disposed on a rear 
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surface of the semi-tran9mission type liquid crystal display element 
arranged in this manner and is operated, it is possible to realize a 
practicable display element which hardly changes the display 
density and the contrast regardless of whether it is used as the 
reflection type or as the transmission type and substantially 
prevents the deviation of the displayed image and it is possible to 
prevent the displayed image from being obscure, thereby further 
improving the display quality. 

In both examples, both portions sandwiching the translucent 
plate are constituted as single-layered portions or are constituted as 
two-layered portions, but it may be so arranged that: the one 
portion is constituted as a single-layered portion, and the other 
portion is constituted as a two-layered portion. As the translucent 
plate, milky glass (opal glass) is used, but it is possible to use a 
transparent plastic plate or a transparent film such as a milky 
acrylic plate, and it is also possible to use a plate obtained by 
slightly applying light diffusing material such as white pigment on 
at least one side of the transparent substrate or the transparent film. 
Further, the translucent plate may be entirely or partially colored. 
The translucent plate obtained in this manner has a light diffusing 
property and causes the displayed image to be slightly obscure. 
However, it may be so arranged that: for example, a transparent 
substrate or a transparent film is used, and a reflection surface is 
formed in a mesh manner or in a stripe manner, thereby obtaining a 
translucent plate in which reflection portions and transmission 
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portions are mixed with each other. In this case, it is possible to 
prevent the displayed image from being obscure. 
[EFFECTS OF THE INVENTION] 

According to the invention, by changing the density and the 
thickness of each liquid crystal layer, it is possible to equalize the 
color densities of the liquid crystal layer groups disposed on both 
sides of the translucent plate as a whole, so that the display 
element is used as the reflection type and as the transmission type, 
thereby realizing preferable display. 
4. BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 and Fig. 2 are cross sectional views of conventional 
liquid crystal display elements. 

Fig. 3 is a cross sectional view of a liquid crystal display 
element shown as a comparative example. 

Fig. 4 and Fig. 5 are cross sectional views of liquid crystal 
display elements shown as examples of the present invention. 

(1), (2), (4), and (5) ■■• glass substrates 

(10, (2"), (2"), [3% (3"), (41, (4"), and (5 1 ) - transparent 
electrodes 

(3) and (9) - translucent plates 

(7) and (7') - polarization plates 

(8) - reflection plate 

(6), (61), (62) , (63), and (64) ••■ liquid crystals 
(10) and (11)- liquid crystal display elements 
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